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SECTION  I 


INTRODUCTION 

The  Picker  FACS-I  automated  x-ray  diffractometer  has  been  an  integral  part  of 
the  Polymer  Branch  Morphology  Laboratory  since  1975,  when  it  was  moved  from 
the  Metals  Division  to  its  present  home  in  the  Nonmetallic  Division  in 
Building  56..  Although  designed  originally  fpr  use  solely  as  a  single-crystal 
diffractometer,  it  has  been  used  extensively  in  the  Polymer  Branch  Morphology 
Laboratory  for  polymer  analysis.  Modifications  to  the  control  software  on 
the  PDP  8/1  computer  have  enabled  the  scientist  to  collect  data  on 
semi-crystalline  or  amorphous  polymer  specimens,  in  order  to  study 
crystallite  orientation  and  crystallite  size,  shapes  of  amorphous  halos,  and 
intensity  distributions  for  polymer  structure  analysis. 

This  report  provides  essential  information  for  use  of  the  Picker  system  for 
polymer  analysis.  It  is  not  intended  to  be  all  inclusive;  as  more 
experiments  are  performed,  modification  will  be  necessary.  In  addition,  as 
the  equipment  is  updated,  the  manual  will  be  revised  accordingly. 
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SECTION  II 


GENERAL  COMMENTS  ON  THE  PICKER  FACS-I  SYSTEM 

The  FACS-I  automated  diffractometer  was  designed  to  collect  x-ray  diffraction 
data  for  single-crystal  structure  analysis.  It  can  also  be  used  to  make 
diffraction  measurements  on  polycrystalline  materials  for  orientation 
studies,  crystallite  size  determination  or  for  two-dimensional  pole  figure 
analysis.  In  general  the  instrument  parameters  are  similar  for  both  types  of 
experiments.  The  sample,  sample  holder  and  measurement  procedures  differ. 

The  instrument  consists  of  a  PDP  8/1  computer  which  is  interfaced  to  the 
goniostat  (diffractometer),  the  x-ray  tube  shutter  and  the  diffracted  beam 
filter  wheels.  The  computer  controls  each  of  the  four  goniostat  angles 
(20,  0),  x»  and  40  by  means  of  a  motor  used  to  drive  the  angle  and  an  encoder 
which  reads  the  angle  positions  to  0.01®.  The  control  program  accepts 
commands  which  are  converted  by  the  computer  to  appropriate  electrical 
signals  and  sent  to  the  hardware.  Commands  are  entered  into  the  computer 
through  the  terminal  keyboard.  As  discussed  below,  simple  commands  allow 
each  hardware  function  to  be  activated  individually.  Other  commands  cause 
the  computer  to  carry  out  complex  functions  such  as  the  various  data 
collection  modes. 

The  x-ray  tube  is  independent  of  the  computer  and  operates  continuously  at 
voltage  and  current  settings  selected  manually.  The  x-ray  beam  from  the  tube 
can  be  "reflected"  from  a  monochromator  crystal,  allowed  to  pass  directly  to 
the  sample  or  filtered  by  an  appropriate  beta  filter.  An  incident  beam 
collimator  allows  a  narrow  beam  of  x-rays  to  fall  on  the  sample.  X-rays 
scattered  (diffracted)  by  the  sample  are  detected  when  they  enter  the 
diffracted  beam  collimator  and  fall  on  the  detector  surface.  This  collimator 
serves  mainly  to  keep  radiation  scattered  by  the  air  from  entering  the 
detector.  The  angular  resolution  of  the  instrument  is  determined  by  the 
x-ray  source  size,  the  area  (or  volume)  of  the  sample  illuminated,  and  the 
detector  aperture  (SVA)  which  can  be  varied  symmetrically  in  both  vertical 
and  horizontal  width. 

X-ray  quanta  that  enter  the  detector  produce  electrical  pulses  which  are 
amplified  by  a  preamplifier  connected  directly  to  the  photomultiplier  tube  in 
the  detector.  These  pulses  are  sent  to  the  pulse  height  analyzer  and,  if 
they  pass  the  energy  discrimination  criteria  which  have  been  set  manually, 
are  counted  by  the  scaler.  The  scaler  unit  also  contains  a  digital  clock 
(timer).  Both  the  scaler  and  the  timer  can  be  started,  stopped  and  read  by 
the  PDP  8/1  computer. 

The  use  of  the  computer  and  the  diffractometer  control  programs  are  discussed 
in  the  manual  for  the  Vanderbilt  Disk-Oriented  Diffractometer  System  (Lenhert, 
1974)  ,  The  manual  should  be  consulted  (and  studied)  before  using  the 
computer.  The  elementary  commands  allow  manipulation  of  individual  angles, 
shutter,  timer,  scaler,  etc.  Other  commands  are  used  to  carry  out  scans, 
execute  a  series  of  pole  figure  measurements,  write  the  results  on  magnetic, 
etc . 
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X-ray  tubes  designed  for  diffraction  usually  have  molybdenum  or  copper 
targets.  The  Ka  line  is  prominent  for  both  materials.  In  some  experiments 
the  full  spectrum  of  the  tube  is  used,  but  more  often  a  filter  is  inserted  to 
partially  remove  the  unwanted  portion  of  the  spectrum.  If  a  high  degree  of 
monochromaticity  is  required  a  monochromator  crystal  must  be  used. 
Documentation  supplied  with  the  x-ray  tube  will  show  the  operational  limits 
of  the  tube  in  use.  The  standard  operating  voltage  for  Mo  tubes  is  50  Kv. 

Cu  tubes  are  usually  run  at  30  to  40  Kv.  Tube  design  and  focal  spot  size 
determine  the  maximum  loading  and,  therefore,  the  highest  current  setting 
allowed . 
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SECTION  III 


CHOICE  OF  INSTRUMENTAL  PARAMETERS 

GONIOSTAT  ALIGNMENT 

Alignment  of  the  x-ray  tube  and  the  four-circle  goniostat  is  an  exacting  task 
and  should  be  undertaken  only  by  one  very  experienced  in  the  use  of  the 
FACS-I  system.  Alignment  procedure  and  hints  are  described  by  Lenhert 
(1978).  If,  after  studying  the  alignment  procedure  you  feel  alignment  is 
needed,  and  believe  you  are  competent  to  undertake  the  task,  go  ahead  only 
after  obtaining  permission  from  the  person  responsible  for  the 
diffractometer . 

ANALYZER  SETTINGS 

Before  making  any  x-ray  measurements,  the  analyzer  settings  should  be 
checked.  They  should  be  set  to  accept  90%  to  95%  of  the  counts  at  the 
wavelength  to  be  used  for  the  experiment,  usually  Mo  Fa  or  Cu  Kct.  The 
analyzer  should  reject  all  counts  which  differ  from  this  wavelength  by  more 
than  30%  to  40%.  Rejection  is  better  for  the  shorter  wavelength,  i,e.,  Mo  Ka. 

Analyzer  settings  which  will  provide  a  usable  band  pass  are  100%  window,  gain 
at  10,  upper  rejection  level  at  7.0,  lower  rejection  level  at  4.0.  For  Mo  Ka 
the  high  voltage  (detector  voltage)  should  be  set  to  5.20  (1  Kv  or  a  little 
more) .  The  high-voltage  settings  will  need  to  be  adjusted  if  you  change  to  a 
different  radiation.  It  must  also  be  checked  at  least  once  a  month;  since 
the  Nal(Th)  crystal-photomultiplier  detector  ages,  the  setting  will  have  to 
be  adjusted.  It  should  be  checked  before  any  major  experiment. 

The  correct  high-voltage  setting  may  be  determined  by  obtaining  a 
monochromatic  beam  from  a  single  crystal  or  the  monochromator.  (CAUTION:  If 
you  use  the  monochromator } be  sure  the  SVA  is  closed  far  enough  to  prevent 
damage  to  the  detector,  since  the  beam  stop  must  be  removed  and  the  detector 
will  be  subjected  to  the  direct  beam  from  the  monochromator.)  With  the 
shutter  open  and  the  monochromatic  beam  directed  at  the  detector,  check  the 
count  rate  at  various  high-voltage  settings.  Adjust  the  high  voltage  for 
maximum  count  rate . ) 

With  the  analyzer  set  as  described, the  normal  background  and  system  noise 
will  give  about  one  count  per  minute  (CPM)  with  x-rays  ON  and  the  shutter 
closed.  If  you  get  more  than  1  CPM  you  probably  have  a  hardware  problem. 

MONOCHROMATOR 

To  insert  the  monochromator,  remove  the  monochromator  housing  cover,  slide 
the  monochromator  "boat"  into  place,  tighten  the  screw  and  replace  the  cover. 
Next  set  the  two  monochromator  angles,  20  and  ^ to  the  values  recorded  in 
the  FACS-I  Log  Book.  You  should  now  have  a  strong  uniform  monochromatic  beam 
when  the  shutter  is  opened.  The  beam  uniformity  may  be  conveniently  checked 
by  using  a  pinhole  aperture  mounted  on  a  sample  holder  and  placed  in  the 
x-ray  beam.  If  the  pinhole  is  offset  and  the  X  circle  is  rotated,  the  beam 
intensity  can  be  checked  on  a  circular  locus  of  points.  For  details  see 
Lenhert  (1980). 
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DIFFRACTOMETER  PARAMETERS 


The  effective  source  size,  collimator  size,  sample  size  and  shape,  and  the 
diffracted  beam  aperture  must  be  optimized  for  best  results.  The  choice  of 
these  parameters  determines  the  intensity  of  the  diffracted  beam  and  the 
resolution  of  the  experiment.  Increased  resolution  is  usually  obtained  at 
the  expense  of  intensity,  so  a  compromise  must  be  reached  which  will  give  the 
resolution  required  without  excessive  counting  times.  Each  experiment  has 
its  own  requirements  but  general  rules  are  helpful,  and  in  many  cases 
standard  settings  may  be  used. 

The  rule  with  fewest  exceptions  applies  to  collimator  size.  For  general  use 
with  both  single  crystals  and  polycrystalline  materials,  use  the  1.0 
collimators.  The  incident  beam  and  diffracted  beam  collimators  are  not 
interchangeable!  The  collimator  with  circular  grooves  goes  on  the  diffracted 
beam  side. 

The  effective  x-ray  source  is  adjusted  by  changing  the  x-ray  tube 
take-off-angle  (TOA) ,  High-resolution  experiments  require  a  small  source 
size  which  is  obtained  with  a  small  TOA.  For  cell  constant  determinations 
with  single  crystals  one  might  use  a  TOA  of  1.0°.  Single  crystal  data 
collection  is  normally  done  with  TOA  settings  of  2.5°  to  3.5°.  Polymer 
materials  usually  give  more  diffuse  diffraction  patterns  and  TOA  settings  of 
3.0°  to  4.0°  are  normal  settings. 

The  diffracted  beam  aperture  is  determined  by  the  setting  of  the 
symmetrically  variable  aperture  (SVA) .  Small  settings  are  used  when  high 
resolution  is  required.  Data  for  use  in  calculating  single-crystal  cell 
constants  may  be  taken  with  SVA  settings  of  1.0mm  vertical  opening  and  l.Omm 
horizontal  width.  Single  crystal  data  collection  is  normally  done  with  an 
SVA  setting  of  3.75mm  x  3.75mm.  Experiments  with  polycrystalline  materials 
sometimes  require  resolution  only  with  respect  to  20.  For  such  experiments 
the  SVA  should  be  set  wide  open  in  the  vertical  direction.  If  resolution  is 
required  (for  example  with  pole  figure  or  orientation  measurements)  the 
vertical  SVA  opening  will  usually  be  restricted  to  a  range  of  2mm  to  4mm.  A 
similar  range  will  usually  be  satisfactory  for  horizontal  SVA  settings  when  20 
resolution  is  important  to  the  experiment. 

The  optimum  sample  size  is  often  set  by  the  form  of  the  material  available. 

If  the  experiment  requires  that  the  entire  sample  must  be  illuminated  by  the 
x-ray  beam  then  the  sample  must  have  a  maximum  dimension  no  greater  than 
l.Omm.  Fiber  samples  should  have  a  cross  section  of  1mm  or  less  but  the 
effective  sample  size  along  the  fiber  bundle  will  be  determined  by  the 
dimensions  of  the  beam.  Samples  in  the  form  of  sheets  will  extend  beyond  the 
beam  in  two  directions  and  will  have  an  effective  size  determined  by  the 
x-ray  beam  cross  section. 

In  many  experiments  choice  of  diffraction  parameters  will  be  critical.  These 
cases  are  discussed  in  the  following  sections  devoted  to  the  different  types 
of  measurements. 
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SECTION  IV 


CRYSTALLITE  SIZE  DETERMINATION  IN  POLYMER  SAMPLES 

Bragg  diffraction  peaks  have  a  finite  width  due  to  the  finite  size  of  the 
crystallites  giving  rise  to  the  diffraction  pattern.  However,  this  is  only 
one  of  several  reasons  why  Bragg  reflections  are,  in  practice,  not  of 
infinitesimal  width.  Lattice  distortions  of  various  sorts,  along  with 
instrumental  factors  and  sample  size,  all  increase  the  breadth  of  Bragg  peaks 
for  a  real  sample  measured  on  a  diffractometer  with  finite  x-ray  source  and 
aperture . 

PREPARATION  AND  USE  OF  HEXAMINE  STANDARDS 

The  usual  method  of  correcting  for  instrumental  factors  is  to  use  a  standard 
substance  with  large  enough  crystallite  size  to  remove  this  cause  of  line 
broadening.  In  our  study,  hexamethylenetetramine  (HMTA)  from  Aldrich  was 
recrystallized  by  Mr  A1  Sicree.  HMTA  is  somewhat  hygroscopic  and  the 
recrystallized  material  of  July  14,  1982  is  stored  in  a  desiccator  under 
vacuum.  It  should  be  pumped  to  restore  the  vacuum  immediately  after  removing 
a  sample . 

The  crystallites  in  the  recrystallized  material  are  much  too  large  to  give  a 
uniform  powder  pattern.  The  photograph,  figure  1,  made  from  unground 
recrystallized  material  shows  this.  If  unground  material  is  used  on  the 
diffractometer  to  make  theta  scans  the  peak  contains  fine  structure  due  to 
individual  crystallites.  The  peak  shapes  are  therefore  not  an  accurate 
reflection  of  the  instrumental  and  sample  size  parameters  and  should  not  be 
used  to  correct  polymer  diffraction  scans  for  these ' factors . 
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Figure  1.  HMTA  in  0.5  nun  Capillary  as  Crystallized.  Cu  Ka,  Ni  filter, 

30  Kv,  20-  ma. 

Experience  shows  that  HMTA  powder  satisfactory  for  use  as  a  standard  can  be 
obtained  by  grinding  the  recrystallized  material  with  a  mortar  and  pestle. 

Be  careful  not  to  try  to  grind  too  much  material  at  one  time.  It  takes  very 
little  to  fill  a  capillary  tube.  Grind  it  for  30  minutes  or  so  taking  care 
to  work  over  all  parts  of  the  batch  you  are  grinding.  Scrape  it  off  the 
sides  of  the  mortar  every  few  minutes  to  be  sure  it  is  evenly  ground. 

Fill  the  capillary  tubes  by  introducing  a  small  amount  in  the  open  end  and 
working  it  to  the  bottom  by  stroking  the  top  of  the  tube  with  a  file  to  make 
the  tube  vibrate  and  by  poking  it  carefully  down  the  tube  with  a  small  tube 
or  a  glass  fiber.  When  the  bottom  1  to  2  cm  of  the  tube  is  filled,  use  the 
small  glass  burner  and  seal  the  open  end.  You  will  find  this  easy  to  do  if 
you  pull  on  both  ends  of  the  capillary  as  you  put  it  into  the  flame. 

Complete  the  seal  by  heating  the  tip  of  the  sample  tube  to  form  a  small  bead. 
Mount  the  sample  tube  (which  should  be  about  2  to  3  cm  long)  in  one  of  the 
small  aluminum  sample  holders.  Finally,  mount  it  on  a  goniometer  head. 

A  photograph  taken  with  the  precession  camera  (no  precession  motion)  should 
show  no  more  structure  than  those  in  figure  2.  Samples  of  0.27  mm,  0.5  mm 
and  0.7  mm  have  been  prepared  and  their  powder  diagrams  measured  on  the 
diffractometer . 


(a)  0.27  nun  capillary  exposed  8  hours 


(b)  0.5  nun  capillary  exposed  1  hour 


Figure  2.  HMTA  Recrystallized  and  Ground.  Capillary  horizontal  in 

precession  camera  (no  precession  motion).  Prepared  August  2, 

1982,  Cu  Ka  Ni  filter  30  Kv  20  ma. 

Sample  size  is  one  of  the  parameters  that  determines  the  broadening  of  a 
powder  line.  Therefore,  to  correct  for  sample  size,  one  must  use  a  standard 
sample  the  same  size  as  the  polymer  sample  being  investigated.  Consider  also 
that  the  effective  sample  size  is  equal  to  the  actual  sample  size  only  if  the 
sample  is  smaller  than  the  x-ray  beam.  If  the  sample  is  horizontal  (as  with 
a  meridional  scan)  the  effective  sample  size  in  the  direction  of  interest 
will  be  determined  by  the  width  of  the  x-ray  beam.  Therefore  a  scan  at  X  =  0 
must  be  made  for  use  with  equatorial  scans  and  one  at  X  =90  (capillary 
horizontal)  for  use  with  meridional  ref lections . 

The  quality  of  the  scans  obtained  with  the  standards  was  greatly  improved  by 
grinding  the  HMTA  but  continuous  rotation  of  the  sample  (the  phi  angle  on  the 
FACS-I)  improved  them  further.  Phi  rotation  is  obtained  by  setting  the  PDP 
8/1  switch  registers  to  7776  when  the  scans  are  started.  Use  the  /TH  command 
of  DIFF,  write  the  data  on  magnetic  tape,  enter  it  into  the  off-site  computer 
via  NFRATINI  and  plot  and  analyze  it  in  the  usual  way.  Be  sure  that  you  make 
your  scans  with  fine  enough  26  steps  in  the  region  of  the  peaks  you  intend  to 
use.  Be  sure  to  count  long  enough  to  get  good  counting  statistics  i.e. , 

1000  +  counts  for  the  peaks  and  at  least  200  -  300  counts  for  all  points  on 
the  scan. 

The  following  input  (Table  1)  was  used  to  obtain  satisfactory  scans  with  our 
samples  prepared  as  described  above.  Figure  3  shows  a  plot  of  the  data  in 
table  1. 


TABLE  1.  TWO-THETA  SCAN  OF  HMTA  FACS-I  INPUT  AND  OUTPUT 


/DC 

90 

/PT 

8 

/FM 

/HD 

HEXASTD3  . 5MM  CAPILLARY  MERIDIONAL  SCAN 


/TH 


TH=14 

DLTH= 

.5  TH 

=16  DLTH= .05  TH= 

19  DLTH= .  5 

TH  =  29 

DLTH=. 

DLTH=0 

05  TH 

=  32.5 

DLTH= 

.5  TH 

=43  DLTH= . 05  TH= 

46  DLTH=  .  5 

1.90 

1.91 

2.06 

2.10 

2.38 

2.38 

2.31 

2.56 

2.27 

2.45 

2.40 

2.42 

2.36 

2.39 

2.48 

2.29 

2.32 

2.24 

2.38 

2.46 

2.28 

2.59 

2.74 

2.77 

3.09 

3.16 

3.52 

3.91 

4.35 

7.16 

12.49 

21.88 

32.19 

42.74 

53.05 

63.23 

72.10 

80.56 

91.51 

101.47 

106.23 

107.73  105. 

65  101 

.15  90 

.63  80 

.59  72 

.94  62 

.33  53 

.11  43 

31.97 

20.57 

11.30 

6.08 

4.64 

4.58 

4.10 

3.97 

4.04 

4.48 

4.15 

4.05 

4.18 

4.38 

4.09 

3.78 

3.15 

2.92 

2.94 

2.74 

2.85 

3.05 

2.74 

2.95 

3.02 

2.79 

4.79 

5.80 

3.00 

2.85 

2.83 

2.81 

2.96 

2.63 

2.81 

2.58 

2.62 

2.78 

2.97 

2.79 

2.82 

2.86 

2.78 

2.63 

2.53 

2.71 

2.74 

2.89 

2.72 

2.87 

2.53 

2.97 

2.80 

2.59 

2.68 

2.62 

2.61 

2.85 

2.82 

2.67 

2.88 

2.81 

3.06 

2.90 

3.32 

3.34 

3.96 

4.86 

6.20 

7.05 

9.05 

11.10 

13.17 

14.50 

15.37 

16.92 

17.67 

18.27 

17.86 

17.81 

16.40 

14.63 

13.03 

11.58 

10.56 

9.05 

7.06 

5.41 

4.11 

3.35 

3.14 

2.84 

2.91 

2.76 

2.88 

2.63 

2.68 

2.83 

2.70 

2.59 

2.61 

2.81 

2.62 

2.76 

2.69 

2.45 

2.48 

2.46 

2.15 

2.19 

2.11 

4.11 

3.32 

1.98 

1.92 

2.04 

1.88 

1.82 

1.96 

2.09 

2.09 

2.07 

1.90 

1.94 

1.93 

2.61 

2.39 

2.45 

2.41 

2.21 

2.40 

2.52 

2.38 

2.35 

2.32 

2.30 

2.28 

2.16 

2.00 

2.10 

2.12 

2.23 

2.18 

2.32 

2.26 

2.26 

2.54 

3.03 

3.28 

3.90 

4.65 

4.85 

5.88 

6.61 

7.27 

8.17 

9.00 

9.91 

9.79 

9.64 

9.69 

9.29 

8.12 

7.90 

7.36 

6.11 

5.45 

4.45 

3.43 

2.81 

2.59 

2.24 

2.19 

2.16 

2.09 

2.18 

2.04 

1.90 

2.01 

2.05 

2.00 

7.12 

2.13 

2.62 

1.79 

1.80 

2.03 

1.92 

2.05 

2.15 

2.07 

1.75 

1.75 

3.30 
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INTENSITY 
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DETERMINATION  OF  THE  INSTRUMENTAL  BROADENING  PARAMETER  WITH  HMTA  STANDARDS 

Measurement  conditions  previously  used  for  polymer  samples  (SVA  located  230 
mm  from  the  sample,  open  to  3  x  3  mm  and  a  tube  TOA  of  3.0°)  were  found  to 
give  diffraction  peaks  with  flat  tops  with  HMTA  because  the  intrinsic  width 
of  the  HMTA  Peaks  was  smaller  than  the  extended,  uniform  x-ray  source.  It 
was  subsequently  found  that  an  x-ray  tube  TOA  of  1.0°  (1  cm  actual  focal  spot 
length)  which  corresponds  to  an  angular  width  of  about  0.04°,  and  an  SVA 
width  of  0.5  mm,  which  corresponds  to  an  angular  width  of  about  0.12°,  gave 
peaks  which  could  be  fit  with  Gaussian  profiles  using  an  available  computer 
program  (Anderson,  1985) .  The  following  example  (table  2)  shows  the  input 
and  output  of  the  peak  fit  program  using  the  data  in  table  1.  The  scan  is 
made  with  Cu  Ka  monochromatized  radiation  and  a  20  step  size  varying  from 
0.5°  in  the  background  region  to  0.05°  in  the  peak  region.  Fits  can  be 
obtained  with  peak  step  sizes  of  0.05°  but  ease  of  fit  is  increased  if 
smaller  steps  are  used  in  the  peak  region. 
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TABLE  2.  PEAK  FIT  OF  THE  DATA  IN  TABLE  I.  LOW  ANGLE  PEAK  ONLY . 


TYPE  THE  NUMBER  OF  PEAKS  AND  BASELINE  POINTS 
EG  3  (MAXIMUM  OF  6  FOR  EACH) 

1 


TYPE  THE  POSITIONS  OF  THE  BASELINE  THEN  INTENSITIES 
1  FIXES  THE  PARAMETER  0  DOES  NOT  EG: 

1.222  2.333  3.444  4.555 

0  11.222  0  22.333  1  33.444  1  44.555 

.16932  .22525 
1  2.0  1  3.0 

PEAK  POS  INT  AT  MAX  HALF-WIDTH  GAUSS 
1  2.12345  1  30.12345  0  0.12345  0  0.12  FOR  EXAMPLE 

0  .20123  100.0  0  .005  0  .25 

YOU  HAVE  MADE  AN  ERROR  TYPING  IN  THE  FITTING  PARAMETERS,  RETYPE  THE  LINE  YOU  JUST  TYPED. 
0  .20123  0  100.0  0  .005  0  .25 


$**********:n****:^***#*:M‘t*:M‘*«***:M**:|s*:M::|!*:M‘:l*:M^#**:|!:|i 

*  HMTA  0.54MM  CAPILLARY  MERIDIONAL  SCAN  * 


******  ************************************************** 


HEIGHT  FACTQR=1/Y(I) 


FOR  ITERATION  >  1 
FOR  ITERATION  >  2 
FOR  ITERATION  >  3 
FOR  ITERATION  >  4 
FOR  ITERATION  >  5 


SE  =  0.693623E-05 
SE  =  0.11 5529E-05 
SE  =  0.788330E-06 
SE  =  0.787355E -06 
SE  =  0.787345E-06 


THE  AREAS  UNDER  THE  VARIOUS  PEAKS  ARE  GIVEN  BELOW: 
AREAS  =  0.83448 

INTEGRAL  BREADTH  =  0.00724 

BASELINE  AREA  =  0.13984 


FINAL  FITTING  PARAMETERS  USED 

PEAK  POS  INT  AT  MAX  HALF-WIDTH  GAUSS 
00.20123  0  115.21251  00.00680  1  1.00 


BASELINE  POSITIONS  AND  INTENSITIES 
0.1693  1  2.00000 

0.2253  1  3.00000 

BO  YOU  UANT  A  PRINT-OUT  OF  THE  FITTED  DATA; 

YES 
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TABLE  2  CONTINUED 


INDIVIDUAL 


TWO 

THETA 

S(l/A) 

-H-H- 

OBSERVED 

INTENSITIES 

CALCULATED 

-H-H- 

OBS-CALC 

BASELINE 

PEAKS 

PK  1 

15.00 

0.1693 

2.140 

2.000 

0.140 

2.000 

0.000 

15.50 

0.1749 

2.187 

2.100 

0.087 

2.100 

0.000 

16.00 

0.1805 

2.485 

2.201 

0.284 

2.201 

0.000 

17.55 

0.1979 

66.597 

61.596 

2.511 

59.085 

17.60 

0.1985 

75.961 

75.046 

0.915 

2.521 

72.525 

17.65 

0.1990 

84.899 

88.282 

-3.382 

2.531 

85.751 

17.70 

0.1996 

96.468 

100.199 

-3.731 

2.541 

97.658 

17.75 

0.2001 

106.999 

109.679 

-2.680 

2.551 

107.128 

17.80 

0.2007 

112.052 

115.757 

-3.705 

2.561 

113.196 

17.85 

0.2012 

113.668 

117.781 

-4.114 

2.571 

115.211 

17.90 

0.2018 

111.507 

115.533 

-4.026 

2.581 

112.952 

17.95 

0.2024 

106.789 

109.259 

-2.470 

2.591 

106.669 

18.00 

0.2029 

95.711 

99.634 

-3.922 

2.601 

97.033 

18.05 

0.2035 

85.134 

87.638 

-2.503 

2.611 

85.027 

18.10 

0.2040 

77.076 

74.391 

2.685 

2.621 

71.770 

19.00 

0.2141 

4.346 

2.806 

1.540 

2.801 

19.50 

0.2197 

4.030 

2.900 

1.129 

2.900 

0.000 

20.00 

0.2253 

3.369 

3.000 

0.369 

3.000 

0.000 
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Similar  scans  were  made  for  cylindrical  samples  which  measured  0.54  and  0.69 
mm  in  diameter.  The  reflections  at  17.85°  and  31.20°  were  scanned  for  all 
samples.  The  full  width  at  half  maximum  (FWHM)  was  obtained  by  computer  fit 
and  plotted  versus  sample  diameter  for  each  reflection.  For  these  samples 
the  FWHM  represents  the  instrumental  broadening  as  a  function  of  sample  size 
because  the  crystallite  size  is  large.  Values  for  sample  sizes  in  the  range 
from  0.25  mm  to  0.70  mm  can  be  read  from  the  curves.  Since  FWHM  is  a 
function  of  20,  one  must  interpolate  for  reflections  at  other  diffraction 
angles . 

Equatorial  scans  of  fiber  bundles  of  polymer  materials  were  made  and  all 
peaks  in  the  region  of  interest  (0°  to  40°  20)  were  fit.  The  following 

example,  table  3,  shows  a  scan  with  4  peaks  and  the  calculation  of  peak 
parameters  for  a  similar  scan.  FWHM  in  units  of  2sin9  /X  are  tabulated.  The 
results  of  the  curve  fit  are  shown  in  figure  4.  Crystallite  size  was 
calculated  from  the  relations ; 


and 


-  A0 


2 

inst 


where  A8^  is  the  FWHM  due  to  crystallite  size,  AB  .  is  the  FWHM  observed  and 
A^inst  *S  t*ie  due  to  instrumental  factors  (as  determined  from  the  HMTA 

scans J.  L  then  gives  the  crystallite  size  in  8  when  the  constant  K  (unity  in 
our  case)  is  divided  by  AB^..  The  results  are  plotted  in  figure  5  for  both 
equatorial  and  meridional  geometry. 


Note  that  the  effective  sample  size  will  change  for  a  given  sample  when  one 
goes  from  the  equatorial  orientation  to  the  meridional  orientation  where  the 
x-ray  beam  diameter  rather  than  the  sample  itself  effectively  defines  the 
sample  size . 
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TABLE  3.  TWO-THETA  SCAN  OF  HEAT-TREATED  ABPBI-PBT  FIBERS  INCLUDING  PEAKS  AT 
11.16,  14.4°  AND  26.0°  FOLLOWED  BY  PEAK  PARAMETERS  FROM 
LEAST-SQUARES  FIT. 


/TH 

TH=3 

24.78 

8.83 

23.48 

51.39 

31.00 

24.74 

18.93 

20.57 

28.38 

54.42 

125.43 

42.77 

15.63 


DLTH=. 5 
15.10 
9.29 
26.69 
47.41 
30.88 
24.06 
19.13 
20.86 
29.05 
62.02 


TH=8 

11.01 

10.08 

31.67 

42.75 

31.60 

22.70 

19.22 
21.33 
30.65 

67.23 


DLTH=. 2  TH=33  DLTH= . 5  TH=40  DLTH=0 


123.94  117.22 
38.30  34.33 
13.94  12.93 


8.99 

7.95 

7.39 

7.07 

7.23 

7.16 

7.45 

10.20 

11.74 

12.76 

13.84 

15.87 

17.48 

20.43 

36.63 

41.73 

46.10 

51.11 

53.66 

54.80 

53.80 

39.17 

35.27 

33.63 

31.82 

30.91 

30.58 

30.24 

31.42 

31.07 

30.56 

29.76 

29.00 

27.22 

25.86 

21.97 

21.18 

20.05 

20.16 

18.81 

19.65 

18.71 

18.72 

19.01 

19.43 

19.59 

19.29 

19.62 

20.74 

21.80 

22.63 

23.58 

24.52 

24.56 

25.74 

27.03 

32.24 

34.16 

37.18 

39.13 

42.33 

45.88 

50.65 

76.49 

84.55 

93.95 

102.36 

112.26 

119.14 

125.04 

108.28 

98.28 

87.32 

75.09 

66.58 

56.63 

49.57 

29.18 

26.14 

23.77 

21.94 

19.75 

18.35 

17.09 

12.13 

11.16 

10.51 

9.54 

9.18 

8.52 

8  23 

6.46 

6.14 

6.08 

5.18 

4  7? 

4  3*; 

TABLE  3  CONTINUED 


DO  YOU  WANT  TO  FIT  THIS  OfiTfl! 
YES 

WEIGHT  FACTOR? 
0=SQ3T(Y(I)/Y«AX) 
i=!/Y(I) 


FROM  WHAT  INITIAL  S  TO  WHAT  FINAL  S  ; 

0.07  i.i 

THE  KIN  S  IS  AT  0.K739  THIS  IS  THE  7  DATA  POINT 
THE  MAX  S  IS  AT  0.44366  THIS  IS  THE  150  DATA  POINT 

THE  TOTAL  NUMBER  OF  DATA  POINTS  TO  BE  FITTED  IS  144 

THE  AVERAGE  S  IS  0.24343  AND  THE  AVERASE  RCI  IS  34.35187 

TYPE  THE  NUMBER  OF  PEAKS  AND  BASElINE  POINTS 
EG  3  (MAXIMUM  IF  6  FOR  EACH) 

4  2 

TYPE  THE  POSITIONS  OF  THE  BASELINE  THEN  INTENSITIES 
1  FIXES  THE  PARAMETER  0  DOES  NOT  EG: 

1.222  2.333  3.444  4.555 
0  11.222  0  22.333  1  33.444  1  44.555 
06769  0.44366 
i  3.0  1  2.0 

PEAK  PCS  I NT  AT  MAX  HALF-WIDTH  GAUSS 
1  2.12345  1  36.12345  0  0.12345  0  0.12  FOR  EXAMPLE 
0  .13  0  45.0  0  .05  0  .5 
0  .17  0  20.0  0  .05  0  .5 
0  .  28  0  30.0  0  .  05  0  .5 
0  .  30  0  50.0  0  .  05  0  .5 


1 1  no  1 1 1  m  » 1 1  m  t  >  tin  t  n  t  n  i  i  r  1 1  ii  ii!i!u  m  nui  1 1  * 
WEIGHT  FACTOR  -  1/Y(I) 


FOR  ITERATION  )  1 
FOR  ITERATION  )  2 
FOR  ITERATION  )  3 


SE  =  0.695056E-05 
SE  -  0. 222054E-05 
SE  =  0. 10II8IE-05 


27 

SE  «= 

0.684118E-07 

28 

SE  - 

0.678114E-07 

29 

SE  » 

0.672242E-07 

30 

SE  = 

0.666495E-07 

THE  AREAS  UNDER  THE  VARIOUS  PEAKS  ARE  GIVEN  BELOW: 

S'  1.21395  2.55963  3.58372  3.76429 
iJTESRAL  BREADS  =  0.08078  0.10309  0.10572  0.03610 
BA8El;NE  AREA  =  0.93942 


FINAl  sin*  PARAMETERS  USED 

PEA-'.  PDS  I  NT  AT  MAX  Hft_F-W  IB7-  G&JSS 
T?. l;ftf  1  33,4*438  0  7.02477  0  0.65 

C*.10fto  ¥  £4.82977  0  0.06563  l'KW' 

t  0.27958  0  33.89696  0  0,05143  £0.54 

0  0.29207  0  184.27428  0  0.02861  @0.61 

SAbt-iNi  POsI i aQNS  AND  INTENSiTiES 


0.0679 

@.4437 


3.00000 

2.0'@0@3 


THIS  WAS  ITS  MAXIMUM  ITERATION  BUT  IT  HAS  NOT  YET 
CONVERSED.  DO  YOU  WANT  TO  TRY  AGAIN; 

NO 

DO  YOU  WANT  A  PRINT-CUT  OF  THE  FITTED  DATA? 

YES 


BEST  AVAILABLE  COPY 
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TABLE  3  CONTINUED 


'MO 

'riETA 

SC/fl) 

•H-++  INTENSITIES  ++++ 
OBSERVED  CALCULATED  GBS-CALC 

BASELINE 

INDIVIDUAL  PEAKS 

PK  1  PK  2 

PK  3 

PK  4 

&.ee 

8.0575 

7,113 

6.32! 

0.292 

3.000 

0.536 

2.551 

0.553 

0.165 

6.5? 

8.8735 

7.282 

7.243 

0.039 

2.985 

0.645 

2.851 

0.589 

0. 173 

7.  ?? 

0.8732 

7,228 

7.753 

-0. 533 

£.978 

0.763 

3.198 

0.621 

0.183 

7.58 

8.8848 

7.521 

6.382 

-0.860 

2.955 

0.988 

3.590 

0.656 

0.193 

8.0? 

8,0905 

6.724 

3. 189 

-0.465 
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£3.522 

0.353 

2.888 

12.350 
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8.884 

0.258 

18.23 

8. 1 153 

27.164 

27.788 

-0,544 

2.874 

16.048 
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13.48 

8.1176 
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32.538 

-8.284 
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28.351 

8.117 
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13,60 

8.1198 
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43.229 
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54.851 
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11.58 
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55.397 
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39.015 
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0.318 

11.63 

8. 1333 
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54,843 
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£.826 

36.770 
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31.581 
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0.458 
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0. 1603 

31.549 
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24.407 
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0.474 
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24.731 
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0.490 
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31.527 
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31.276 
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1.414 

£4.696 
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0.545 
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38.943 

30.274 
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23.776 
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15,80 
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26.572 

27.784 
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21.172 

£.423 
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15.08 
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26. 816 

-0.985 

£.700 

0.776 
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£.565 

0.653 
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£.694 

0.715 
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2.716 

0.684 
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0.661 
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0.713 

16.68 

8. 1873 

23. 814 

23.943 

-8.929 
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14.769 
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0.610 
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0.496 

13.885 
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37,48 
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15.794 

20.519 

-1.S25 

£.659 

0.464 

12.898 

4.813 

0.885 

17,68 
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28.782 

19.735 

20.376 

0.326 

2.653 

0.435 

32.046 

4.314 

0.927 

17.80 

8.2807 

19.928 

-8.192 

2.647 

0.489 

11.256 

4.644 

0.972 

.8.08 

8.2829 

19.991 

19.574 

0.418 

2.641 

0.385 

10.520 

5.808 

1.020 

18.28 

8.2852 

20.227 

19.314 

0.913 

2.635 

0. 363 

9.838 

5.407 

1.072 
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0.2074 

20.347 

19.150 

1.197 

2.629 

0.343 

9.207 

5.843 

1.128 
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8.2096 

19,842 

19.080 

8.762 

2.623 
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8.625 

6.320 
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28. 175 
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3.872 

2.617 

0.308 

8.088 

6.838 

1.253 
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20.647 

19.219 

1.427 

2.611 

0.292 

7.592 

7.401 

1.323 
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3.2163 

28.843 

13.427 

1.416 

2.605 

0.277 

7. 135 

8.012 

1.400 

15. 48 

0.2186 

28.551 

19.726 

0.824 

£.599 

0.264 

6.712 

6.666 

1.483 

19.60 

3.2288 

28.929 

20.115 

8.814 

2.593 

0,251 

6,323 

9.375 

1,573 

15,68 

8.2230 

22. 153 

£8.534 

1.559 

2.587 

0.240 

5.952 

10.132 

1.673 

23, 39 

8.2253 

22.081 

21. 161 

0.640 

2.581 

0.229 

5.629 

20.948 

1.781 

28.28 

8.2275 

£2. 341 

21.815 

0.526 

2.575 

0.219 

5.321 

11.799 

1.900 

£8. 48 

8.2297 

22. 875 

£2.555 

0.328 

£.569 

0.209 

5.035 

12.709 

2,032 

20.68 

8, 2315 

23.411 

£3. 380 

0.031 

£.563 

0.200 

4,771 

13.669 

2. 177 

23.33 
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24.336 

24,288 

0.048 

2.558 

0.192 

4.525 

14.676 

2.338 

21,00 

0. 236* 
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£5.275 

8.315 

£.552 
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4.295 

15.729 
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27.20 
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-2.341 
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0.3072 

75.466 
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-0.589 
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-1.497 
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0.064 
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21.543 

31.622 
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48.743 
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28.344 
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28.20 
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43.729 

42.508 

1.221 

2.340 

0.061 

1.115 

19.165 
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28.40 
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39.269 

37. 154 

2.115 

2.334 

0.060 

1.084 

18.013 

15.663 

23.60 

0.3204 

33.448 

32.792 

0.649 

2.328 

0.058 

1.055 

16.894 

12.456 

28.80 

0.3226 

30.013 

29.250 

0.763 

£.322 

0.057 

1.027 

15.812 

10.031 

23.00 

0.3248 

27.343 

26.364 

0.980 

2.316 

0.056 

1.001 

14.772 

8.219 

23.20 

0.3270 

25.286 

23. 986 

1.300 

2.311 

0.054 

0.975 

13.776 

6.871 

23.40 

0.3292 

22.806 

21.998 

0.808 

2.385 

0.053 

0.950 

12.827 

5.863 

29.50 

0,3314 

21.230 

20,303 
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2.299 

0.052 
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11.927 

5.099 
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0.3335 

19.810 

18.831 
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0.051 
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31.00 
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0.782 

6.995 

2.615 

31.20 
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11.213 

11.964 

-8.752 
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0.044 
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2.428 
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0.3510 

10.812 

11.2% 

-0,484 

2.247 

0.043 
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31.60 
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10. 123 
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0.042 

0.714 

5.158 
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8.994 
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£.229 
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0.698 

4.790 

1.852 

32.20 
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8.597 

9.141 

-0.544 

2.223 
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0.683 

4.455 

1.739 

32.40 

8. 3619 

7.842 

8.712 

-0.871 

£.218 

0.039 

0.669 

4,158 
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32.60 
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7.703 
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-0.617 
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0.655 

3.872 

1.543 

32.80 

0.3662 

7.337 
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-0.625 

2.206 
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0.641 

3.620 

1.457 
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0.3684 

7.281 

7.634 

-0.354 

2.280 

0.037 

0.628 

3.391 

1.379 

33.50 

0.3738 

6.236 

6.931 

-0.695 
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6. 161 
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0.034 
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3^.50 
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0.033 
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5.201 

-0.186 
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0.763 
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0.4808 

4.852 

4.929 

-8,077 
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0.029 
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1.625 
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36.50 
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4.867 
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£.100 
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0.628 
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0.4116 
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-0.894 

2.885 
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0.431 
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4.307 
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0.413 
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0,526 

38.00 
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4,764 
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8.628 

2.857 

0.025 

0.3% 

1.182 

0.484 

36. 50 

8.4277 

4.576 

3.397 

8. 579 

2.043 

0. 024 

8.381 

1.102 

0.447 

33,00 

0.4332 

4.591 

3. 863 

0.728 

2.028 

0.023 

0.366 

1.031 

0.414 

33.50. 

0.4363 

4.567 

3.74? 

0.827 

2.814 

0.022 

0.352 

0.967 

0.385 

40.00 

0,4437 

4.5% 

3.628 

0.958 

2.808 

0.022 

0.339 

0.909 

0.359 
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INTENSITY  m  _ 

30.00  60.00  30.00  120.00  .  . 150.00 


THU.  MAY  09  1985  11:15:04  GRflPH  NUMBER  7 

RBPBI-PBT  HT  EOURTORIAL  SCAN...  CHI-0.0  DEGREES  CU  T 


Figure  4.  Graph  of  ABPBI-PBT  Blend  Equatorial  Scan.  Cu  Ka  with 

monochromator.  Solid  curves  show  calculated  peak  profiles 
for  the  four  individual  peaks  and  the  sum.  Parameters  as  in 
table  3. 
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MERIDIONAL  GEOMETRY 
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Figure  5  Con 


SECTION  V 


ORIENTATION  FACTOR  MEASUREMENTS:  RESOLVED  PEAKS 


Orientation  of  the  crystallites  in  polymer  materials  is  a  significant  feature 
in  the  characterization  of  polymers.  The  degree  of  orientation  is  commonly 
expressed  in  terms  of  Herman's  orientation  factor  (Stein,  1958),  the 
calculation  of  which  requires  the  intensity  of  a  reflection  (usually  either 
equatorial  or  meridional)  expressed  as  a  function  of  X.  Tn  the  equatorial 
case  the  orientation  factor  is  given  by 


2 

£  _  II(3sin  y  -l)cos  > 
f  =  211  cosy  Ay 


where  I  is  the  intensity,  y  is  the  diffractometer  angle  and  Ay  is  the  step 
size.  If  the  diffraction  peak  one  uses  is  resolved,  its  intensity  can  be 
determined  by  a  simple  scan  with  background  measured  at  each  end  of  the  scan. 

The  following  experiments  were  done  and  the  results  obtained  using  (unless 
specified  otherwise)  the  substances  and  measurement  parameters  listed  below: 

Sample  Heat-treated  PBT  fibers 

x-ray  source  Cu  standard  focus  Cu  tube  (take-off 

angle  of  3.0°)  with  HOG  monochromator 
set  at  20  of  26.76°  and  PSI  of  13.55°. 


Collimation  1  mm-diameter  collimators  with 

diffracted  beam  (SVA)  aperture  of  3  mm 
by  3  mm. 

Analyzer  Gain  at  10,  rejection  limits  upper  7.0, 

lower  4.0.  Photomultiplier  voltage 
potentiometer  set  at  4.42  (about  950 
volts)  . 

MEASUREMENT  OF  INTEGRATED  INTENSITY  AND  ALIGNMENT  OF  THE  SAMPLE 


To  measure  the  integrated  intensities  required  for  the  orientation  factor 
calculation , one  first  examines  a  20  scan,  selecting  the  20  peak  position  and 
the  background  positions  above  and  below  the  peak  (+A20  ) .  The  integrated 
intensity  is  then  the  peak  count  rate  minus  the  average  background  count 
rate.  This  measurement  is  conveniently  made  by  using  the  /FB  command  mode  of 
the  FACS-I  Control  Program. 

Preliminary  scans  should  be  used  to  establish  that  the  sample  is  aligned  on 
the  diffractometer  so  that  y  scans  are  symmetrical  about  y  =  0°  for 
equatorial  scans  and  about  y  =  90°  for  meridional  scans.  This  is  most 
conveniently  done  by  scanning  from  negative  to  positive  y  values.  Steps  of 
1.0°  in  X  will  give  a  profile  satisfactory  for  this  purpose.  The  goniometer 
head  should  be  adjusted  to  improve  alignment  and  the  scans  repeated  until  the 
profile  is  symmetrical. 
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CHI  RANGE 


Next  determine  the  point  in  X  where  the  intensity  reaches  background. 

The  following  example  shows  a  typical  scan  with  apparent  intensity  beyond  the 
tails  of  the  peak.  The  scan  must  be  terminated  at  the  point  where  the 
intensity  drops  to  zero  and  any  non-zero  intensity  measurements  beyond  must 
be  eliminated  from  the  orientation  factor  calculation.  Since  the  program 
used  for  the  calculation  assigns  a  zero  intensity  to  all  points  not  measured, 
the  X  scan  should  be  terminated  at  the  point  where  intensity  from  the  peak  of 
interest  drops  to  zero.  See  tables  4  and  5. 

TABLE  4.  EXAMPLE  PRINTOUT  CHECK  FOR  TAIL  OF  A  PBO  DISTRIBUTION.  THE  SCAN 
RUNS  FROM  CHI  20  TO  30  DEGREES;  COUNT  RATES  IN  CPS.  COUNTS  AT 
X  »  0°  APPROXIMATELY  170  CPS. 

/PT 

6 


/FB 

5  8 

/PO 

MTHD=1 

TH=16 

TH=0 

0M=0 

DLSN=0  NPTS=1  CH=20 

TH= 

16.00  0M=  0.000  CG= 

0M= 

0.00 

3.00 

2.45  0.93  1.07  1. 

0.02 

DLCH=1  NPTS=11 
20.00  PH=  0.00 

27  1.65  1.13  1.10  0.97 


1.40 
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TABLE  5.  EXAMPLE  ORIENTATION  FACTOR  RUN  FOR  PBO  (AS-SPUN)  #042083N1 

/PT 

8 

/FB 
7  8 
/PO 

MTHD= 1 

TH=16  TH=0 


OM=0  DLSN=0 

NPTS=1 

CH=0 

DLCH=.  5 

NPTS=55 

TH=  16 

.00  OM= 

0.00 

CH=  0 

.00  PH= 

0.00 

0M= 

173.83 

172.62 

167.61 

160.15 

149.30 

139.16 

123.85 

111.85 

98.80 

87.73 

76.67 

66.41 

58.22 

49.45 

42.04 

37.89 

32.68 

28.59 

24.67 

20.89 

18.76 

15.85 

13.45 

12.40 

11.35 

9.99 

8.78 

7.22 

7.69 

5.72 

5.57 

5.19 

4.29 

3.41 

3.79 

3.58 

3.36 

2.91 

2.65 

1.57 

2.80 

3.04 

1.86 

1.78 

1.33 

0.79 

1.57 

2.46 

1.02 

1.74 

1.04 

-1.72 

3.67 

0.83 

0.76 

16.546^  -0.4848 


CHI  STEP  SIZE 

When  the  sample  alignment  is  satisfactory  and  the  X  range  has  been 
determined,  the  step  size  for  X  can  be  Investigated.  Note  that  highly 
oriented  samples  require  careful  alignment,  a  smaller  X  nange  and  a  smaller 
step  size  for  X>  The  step  size  has  been  investigated  by  scanning  a  set 
range  in  X  with  different  step  sizes.  Since  the  PBT  fibers  used  are  fairly 
highly  oriented  (equatorial  reflections  have  a  full  width  at  half  maximum  for  X 
of  about  8°)  , step  sizes  of  1.5°,  1°  and  0.5°  were  used.  The  number  of  points 
measured  was  increased  so  as  to  include  the  same  range  of  X  in  each 
experiment .  In  all  cases  the  integrated  intensity  was  taken  to  be  I  -I 
where  I  and  I  represent  the  count  rate  at  the  peak  position  in  20  ^ana  the 
backgroBnd  (offset  by  ±  20).  As  explained  above,  the  intensity  of  the 
reflection  being  examined  was  taken  as  zero  outside  the  X  range  actually 
scanned . 
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The  results  show  a  possible  tendency  for  the  orientation  factor  to  decrease 
with  decreasing  step  size.  The  orientation  factor,  obtained  for  the  X  =  0° 
to  10°  range  are  in  table  6. 

TABLE  6.  ORIENTATION  FACTORS  FOR  TWO  PBT  REFLECTIONS.  CHI  STEPS  OF  1.5°, 


1.0°,  0.5°. 

20 

AX 

Orientation  Factor 

15.15 

1.5° 

-.4964 

15.15 

1.0° 

-.4964 

15.15 

0.5° 

-.4961 

25. A 

1.5° 

-.4957 

25.4 

1.0° 

-.4957 

25. A 

0.5° 

-.4957 

INSTRUMENTAL  FACTORS 

For  highly  oriented  materials,  the  width  of  the  peak  for  a  X  scan,  and  hence 
the  orientation  factor,  will  be  affected  by  instrumental  factors  such  as 
source,  sample  and  detector  sizes.  The  detector  aperture  size,  which  is 
easily  changed,  gives  .an  indication  of  the  magnitude  of  the  instrumental 
broadening.  The  scans  at  25. 4°  20  were  repeated  with  a  detector  height 
(vertical  dimension)  set  at  3  mm,  2  mm  and  1  mm.  The  results  are  in  table  7. 

TABLE  7.  ORIENTATION 

FACTORS  FOR  VARIOUS  SVA  HEIGHTS. 

20 

AX 

SVA 

height 

Orientation  Factor 

25.4 

1.0° 

3  mm 

-0.4957 

25.4 

1.0° 

2  mm 

-0.4957 

25.4 

1.0° 

1  mm 

-0.4957 

Thus  we  conclude  that  for  the  degree  of  orientation  seen  here,  the 
instrumental  factors  do  not  affect  the  orientation  factor. 
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PRECISION  OF  THE  ORIENTATION  FACTOR 

The  precision  of  the  orientation  factor,  as  determined  by  the  techniques 
described  above,  was  also  investigated  by  repeated  scans.  The  results  are  in 
table  8. 


TABLE  8. 

PRECISION 

OF  ORIENTATION  FACTOR 

20 

AX 

Orientation  Factor 

Average  Orientation 
Factor 

15.15° 

1.0° 

-0.4964 

-0.4965 

-0.4964  -0.49642 

-0.4964 

-0.4964 

15.15°  0.5°  -0.4962 

-0.4962 

-0.4961  -0.49610 

-0.4960 

-0.4960 

25.4°  1.0°  -0.4957 

-0.4958 

-0.4956  -0.49568 

-0.4957 

-0.4956 


Sigma 

Average 


0.00002 


0.00005 


0.00004 


For  the  results  in  table  8,  the  peak  intensities  (I  -1^)  were  about  100  cps, 
and  measurement  times  were  about  100  s  for  the  peak^and  40  s  for  each  of  the 
two  background  measurements.  In  all  of  the  above,  0  for  a  single  observation 
is  about  0.0001.  We  conclude,  based  on  these  results,  that  for  samples  with 
orientation  factors  from  about  -0.496  to  zero,  a  step  size  of  0.5°  in  X  and 
counting  times  which  give  individual  observations  with  0  (I)  of  about  1%  will 
provide  orientation  factor  measurements  with  a  statistical  accuracy  of 
0.0001. 
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SECTION  VI 


DETERMINATION  OF  ORIENTATION  FOR  POLYMER  FIBERS: 

OVERLAPPING  REFLECTIONS 

Composite  materials  such  as  PBT-ABPBT  blends  may  contain  crystallites  of  both 
components.  Heat-treated  PBT-ABPBI  blends  apparently  contain  both  PBT 
crystallites  and  ABPBI  crystallites, and  the  PBT  and  ABPBI  crystallites  may 
differ  as  to  degree  of  orientation.  Both  PBT  and  ABPBI  have  prominent  peaks 
correspondent  to  3.5ft  spacing.  In  addition,  PBT  has  a  peak  at  5.9ft  and  ABPBI 
has  one  at  7.0ft.  Since  the  peaks  needed  to  characterize  the  orientation  are 
unresolved  neither  the  peak  height  nor  the  intensity  of  the  reflection  can  be 
obtained  directly  from  the  diffractometer  scan.  The  procedure  developed  to 
handle  this  case  is  described  below.  It  involves  20  scans  taken  at  intervals 
in  X*  A  least-squares  procedure  is  used  to  fit  the  overlapping  peaks  in 
each  20  scan  and  thus  resolve  the  peaks  so  that  the  peak  area  for  each  peak 
of  interest  can  be  obtained  as  a  function  of  X. 

SELECTION  OF  INSTRUMENT  AND  SCAN  PARAMETERS 

The  first  step  in  treating  the  case  of  unresolved  peaks  is  to  select  data 
collection  conditions  that  give  the  best  resolution  obtainable  for  the  peaks 
of  interest.  This  involves  a  selection  of  the  x-ray  tube  take-off-angle,  the 
diffracted  beam  aperture,  the  radiation  and  the  monochromator  or  filter  to 
use.  Smaller  take-off-angles  and  apertures  give  better  resolution  but  also 
reduce  the  count  rate,  and,  therefore,  the  statistical  accuracy  of  the 
measurements,  unless  counting  times  are  increased  to  compensate. 

The  next  step  is  to  determine  the  scan  parameters.  Two-theta  scans  must  be 
made  at  intervals  in  X  and,  for  highly  crystalline  material,  the  29  step  size 
must  be  small  to  ensure  that  the  peak  profile  is  accurately  recorded.  In 
regions  between  the  peaks  of  interest, the  step  size  can  be  larger.  Note  that 
all  peaks  in  the  scan  range  must  be  recorded  in  sufficient  detail  to  give  an 
accurate  peak  profile  or  they  must  be  omitted  entirely.  This  is  because  the 
set  of  peaks  used  by  the  least-squares  program,  usually  only  the  peaks  of 
interest,  must  match  the  experimental  curve  in  order  to  obtain  a  satisfactory 
fit.  The  /TH  command  can  be  used  to  define  the  20  range  and  select  the  step 
size  for  the  different  regions  of  the  scan.  For  highly  oriented  material  the 
increments  must  not  be  too  large.  There  should  be  a  minimum  of  4  or  5  scans 
that  show  a  contribution  from  the  peaks  of  interest.  If  there  is  clearly  no 
contribution  beyond  a  certain  point  in  X ,  scanning  can  be  omitted  beyond 
that  point. 

When  the  data  scans  have  been  completed,  you  are  ready  to  measure  the 
background.  Since  the  background  is  a  function  of  20,  the  background  scan 
must  include  measurements  at  all  20  points  included  in  the  data  scans. 
Contributions  from  diffraction  peaks  or  layer  lines  must,  of  course,  be 
avoided.  The  best  scan  to  use  for  the  background  correction  can  usually  be 
selected  by  examining  a  diffraction  photograph  of  the  material  under  study. 
Mount  the  negative  on  a  film-measuring  device  so  that  0  and  X  can  be 
conveniently  determined.  Find  the  value  of  X  which  gives  the  20  scan  with 
the  least  interference  from  layer  lines  and  make  the  background  /TH  scan  for 
that  X-  Note  that  the  X  interval  between  each  /TH  scan  should  be  the  same 
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and  each  /TH  scan  must  have  measurements  for  the  same  set  of  20  values . 

DATA  PROCESSING 

When  the  data  have  been  measured  and  written  on  the  magnetic  tape,  translated 
and  entered  into  the  off-site  computer,  you  are  ready  to  process  it  for  input 
to  the  curve  fitting  program.  This  program  subtracts  the  background  scan 
from  the  other  scans  point-by-point,  makes  the  LP  correction,  and  writes  a 
file  in  a  format  corresponding  to  the  input  format  required  by  the  Anderson 
peak  fitting  program  (Anderson  1985).  The  preprocessing  program  has  been 
affectionately  named  GALEN  by  one  of  us.  Although  the  name  is  not  very 
descriptive,  it  is  better  than  his  usual  porcine  choices. 

In  the  present  example,  fibers  of  the  heat-treated  PBT-ABPBI  blend  were 
scanned  at  values  of  0°,  4.5°,  9.0°,  13.5°,  18.0°,  22.5°,  27.0°,  and  31.5°. 
Inspection  of  the  diffraction  pattern  of  a  similar  fiber  showed  that  one 
feature  on  the  3.15°  scan  was  due  to  the  first  layer  line.  The  intensity 
values  for  that  region  were  replaced  by  inserting  a  straight-line 
interpolation  in  place  of  the  original  intensities.  The  data  file  was  then 
run  through  the  preprocessing  program. 

Two  theta  scans  for  the  lower  X  values  show  three  peaks.  Two  at  about  10 
degrees  20  (Cu  Kadata)  are  barely  resolved  and  a  third  at  about  25  degrees  20 
appears  to  be  resolved  but  is  actually  the  sum  of  two  peaks,  one  from  each 
component  of  the  blend.  Samples  of  heat-treated  PBT  and  heat-treated  ABPBI 
photographed  separately  show  that  the  25-degree  peak  is  present  in  both. 
Preliminary  attempts  to  fit  the  heat-treated  blend  with  three  peaks  resulted 
in  a  poor  fit  in  the  region  between  the  doublet  and  the  main  peak.  It  was 
found  that  a  good  fit  could  be  obtained  by  assuming  that  the  25-degree  peak 
was  the  sum  of  two  peaks  with  different  width  parameters. 

Apparently  one  component  of  the  blend  has  fairly  sharp  peaks  at  10  degrees 
and  25  degrees  and  the  other  component  has  broader  peaks  at  11  degrees  and  25 
degrees.  Peak  parameters  are  best  defined  on  the  scans  atX  =  0°;  therefore 
the  peak  positions  obtained  on  those  scans  should  be  used  for  fitting  the 
other  scans.  The  peak  areas  obtained  at  each  X  value  can  be  used  in  the 
usual  formula  to  calculate  the  orientation  factor  for  each  component.  The 
same  orientation  factor  should  be  obtained  for  each  of  the  two  peaks  arising 
from  the  same  component.  If  interference  from  another  layer  line  is  present, 
the  peak  parameters  will  be  inaccurate  and  that  scan  cannot  be  used.  It  must 
then  be  replaced  by  an  estimated  peak  area,  otherwise  the  orientation  factor 
will  be  incorrect.  A  better  solution  to  the  layer  line  problem  would  be  to 
subtract  the  intensity  due  to  the  interfering  layer  line  before  running  the 
preprocessing  program.  When  this  is  done  the  peak  parameters  obtained  by  the 
fitting  program  should  be  accurate.  I  £  any  peak  height,  area  or  width  is 
negative,  you  have  a  problem. 
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SECTION  VII 


DIFFRACTOMETER  SCANS  ALONG  I, AYER  LINES  FOR  POLYMER  MATERIA!, S 

Polymer  fibers  give  diffraction  patterns  which  show  cylindrical  symmetry  with 
the  diffraction  maxima  distributed  in  a  series  of  layer  lines.  In  highly 
ordered  specimens, the  layer  lines  are  made  up  of  individual  reflections  or 
groups  of  reflections. 

It  is  convenient  to  visualize  the  fiber  pattern  as  it  would  appear  if 
recorded  on  a  precession  film.  If  the  fiber  is  vertical,  the  layer  lines  on 

the  film  will  be  horizontal  and  a  raster  scan  of  the  film  will  have  one.  scan 

direction  along  the  layer  lines.  The  intensity  variation  along  the  layer 

lines  will  be  gradual  for  materials  of  moderate  order  but  will  show  sharp 

changes  for  highly  ordered  materials. 

The  c*  axis  is,  by  convention,  assigned  to  the  layer  line  repeat  which  is 
parallel  to  the  fiber  axis, and  the  layer  lines  are  then  designated  by  the  Z 
index.  Because  of  the  cylindrical  symmetry  of  the  pattern,  either  h  or  k  can 
be  used  to  designate  points  along  each  of  the  layer  lines. 

The  automated  diffractometer  can  be  used  to  measure  the  intensity  along  the 
layer  lines.  This  is  conveniently  done  by  using  the  single  crystal  routines 
of  the  diffractometer  control  software.  The  method,  as  coded,  requires  an 
orientation  matrix  and  cell  constants  for  a  unit  cell  with  c*  parallel  to  the 
<f>  axis  of  the  diffractometer.  Thus  any  fiber  bundle  that  can  be  mounted  on 
the  diffractometer  with  the  fiber  axis  parallel  to  the  <f>  axis  is  suitable  for 
a  layer  line  scan.  The  only  angles  varied  during  the  scan  are  26  and  X,so 
the  sample  mount  is  not  required  to  allow  <j>  rotation  except  for  optical 
centering  and  alignment. 

The  first  step  in  preparing  for  a  layer  line  scan  is  to  center  the  fiber  and 
ensure  that  the  fiber  is  exactly  parallel  to  <J>.  If  the  specimen  has  sharp 
reflections  on  the  meridian, one  of  these  may  be  used.  The  goniometer  head 
arcs  must  be  adjusted  so  that  the  reflection  is  centered  in  the  detector 
aperture  at  X=90°  and  w=q°. 

A  convenient  procedure  for  setting  the  fiber  axis  parallel  to  the  axis  of  the 
diffractometer  follows: 

1.  Use  the  diffractometer  telescope  to  center  the  sample  in  the  x-ray  beam 
and  align  it  as  nearly  as  possible  with  the  <J>  axis. 

2.  With  X  =90°,  rotate  the  sample  so  that  one  goniometer  arc  is  vertical  (in 
the  plane  of  the  X  circle) . 

3.  Determine  the  profile  of  the  strongest  sharpest  meridional  reflection 
present  by  making  counts  at  appropriate  intervals  of  X*  For  broad  peaks, 
you  may  use  X  steps  of  5°;  for  sharp  peaks,  smaller  steps  will  be 
required.  The  scan  should  extend  at  least  2/3  of  the  way  down  each  side 
of  the  peak. 

4.  Adjust  the  vertical  goniometer  arc  so  the  peak  will  be  centered  at 
X  =90°. 
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5.  Rotate  the  goniometer  head  and  repeat  steps  1  through  4  with  the  other 

arc  in  the  vertical  position.  Adjust  it  as  required. 

Note:  The  / PO  command  (see  DIFF  manual  for  details)  can  be  used  to 

obtain  the  X  scans  or  you  can  drive  X  and  use  /PT  and  /ST  to 

measure  each  point  individually . 

The  procedure  is  similar  if  you  have  no  suitable  meridional  reflection  and 
must  use  an  equatorial  reflection.  For  an  equatorial  reflection  X  must  be 
set  to  zero. 

The  fiber  repeat  spacing  must  be  accurately  known.  To  find  it,  locate  a 
strong  meridional  reflection  and  scan  it  with  the  /TH  command  after  setting 
up  a  peak  fit  request  with  the  /FT  command.  Use  the  layer  line  number  and 
the  d  spacing  calculated  by  the  peak  fit  procedure  to  find  the  c  axis  repeat. 
You  are  now  ready  to  set  up  the  cell  constants  and  the  orientation  matrix. 

Enter  the  cell  constants  with  the  /RP  command.  If  the  unit  cell  for  the 
material  being  studied  is  not  known,  use  a  =  b  =  c  and  ot  =  8  =  O  =  90°  (you 
have  determined  c) .  The  orientation  is  specified  by  two  orientation 
reflections.  The  first  must  be  an  hOO  reflection  with  w,  X,  and  <P  set  to 
zero,  the  second  an  OkO  reflection  with  &  and  X  at  zero  and  90°. 

Calculate  the  orientation  matrix  with  /CM  and  display  it  with  /CA  after 
setting  the  wavelength  with  /WV. 

You  are  now  ready  to  choose  the  scan  parameters  for  the  layer  line  scan.  If 
you  have  a  precession  film,  you  can  use  it  as  a  guide.  The  layer  lines  are 
easily  counted  to  obtain  -the  scan  limits  which  are  denoted  as  the  &  index. 

The  length  of  scan  along  each  layer  line  is  specified  by  a  start  and  stop 
value  for  k.  If  you  have  used  a  =  b  =  c  for  the  cell  constants,  each  unit  of 
k  will  span  a  length  equal  to  the  distance  between  each  layer  line  on  a 
precession  film. 

Enter  the  preset  time  with  /PT  to  be  used  for  each  point  measured  and  then 
enter  the  scan  limits  with  /LL.  The  interval  for  k  will  be  governed  by  the 
degree  of  order  in  your  sample.  Values  of  0.2  and  0.5  are  often  used.  Note 
that  since  b  is  arbitrary,  the  k  scan  parameters  are  not  related  to  the  real 
k  index.  The  interval  for  &  is  usually  0.5  so  that  a  background  scan  is 
included  between  each  layer  line. 

Table  9  lists  data  for  a  first  layer  line  scan  on  ABPBT  fibers,  which  are 
plotted  in  figure  6. 
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TABLE  9.  EXAMPLE  OF  FACS-I  INPUT-OUTPUT  FOR  A  LAYER  LINE  SCAN  FOR  A 
HEAT-TREATED  ABPBT  SAMPLE. 

/WV 

1.5418 

/PT 

7 

/  RP 

12.19  12.12  12.19  00050000005000  90 

/CM 

/CA 

12.19001  12.18999  12.19000  0.00000  0.00000  0.00000 

-0.0820344  0.0000000  0.0000000 

0.0000000  -0.0820345  0.0000000 

0.0000000  0.0000000  -0.0820345 

1.541799  1811.39 

/FT 

0 

/LL 

01  1-5.15 

0.00  -5.00  0.00 


0.69 

0.59 

0.56 

0.63 

0.65 

0.67 

0.75 

1.09 

1.47 

2.36 

2.93 

3.65 

6.90 

17.78 

28.66 

28.25 

21.20 

12.47 

5.89 

3.16 

2.38 

1.78 

1.66 

1.61 

1.48 

1.55 

1.55 

2.36 

4.11 

15.47 

25.45 

6.15 

2.26 

1.39 

1.20 

1.19 

1.14 

1.15 

1.24 

1.29 

1.33 

1.35 

1.55 

2.04 

2.49 

3.27 

6.50 

4.99 

0.29 

0.22 

0.22 

0.26 

0.33 

5.01 

6.65 

3.06 

2.27 

1.74 

1.51 

1.30 

1.21 

1.00 

1.13 

1.25 

1.18 

1.35 

1.32 

1.50 

2.13 

6.28 

26.13 

15.89 

3.98 

2.17 

1.74 

1.65 

1.59 

1.45 

1.73 

1.81 

2.29 

3.27 

6.10 

11.95 

20.73 

28.21 

28.90 

17.15 

7.23 

3.62 

3.09 

2.58 

1.73 

1.09 

0.73 

0.77 

0.59 

0.65 

0.56 
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Figure  6.  Plot  of  First  Layer  Line  for  A3PBT 


SECTION  VIII 


POLE  FIGURE  DATA  COLLECTION  AND  ANALYSIS 

The  Picker  FACS-I  automated  diffractometer  is  ideally  suited  to  collect 
two-dimensional  diffraction  data  on  polycrystalline  specimens.  These  data 
can  be  used  to  determine  and  display  the  orientation  of  the  crystallites  in 
the  sample  in  the  form  of  a  pole  figure  diagram.  The  two  diffraction 
geometries  in  common  use,  reflection  and  transmission,  are  shown  in  figure  7 
(Desper,  1969). 


(b) 


Figure  7.  Pole  Figure  Geometry,  (a)  Reflection  and  (b)  Transmission  Methods 


One  cannot  measure  a  complete  pole  figure  in  either  the  transmission  or  the 
reflection  mode  selected  by  MTH0=1  or  MTHD=0  in  the  FACS-I  PO  command.  In 
the  transmission  mode  all  values  of  X  are  available  on  the  diffractometer  but  u> 
is  restricted  to  angles  between  0  and  45°.  This  range  allows  about  2/3  of 
the  pole  figure  to  be  measured.  In  the  reflection  mode  all  values  of  cf>  are 
available  but  there  may  be  mechanical  restrictions  on  values  of  X  near  0°. 

At  low  20  angles  the  x-ray  beam  becomes  almost  parallel  to  the  sample  even  at 
moderate  values  of  X-  The  FACS-I  control  program  includes  commands  for  pole 
figure  data  collection  which  are  an  extension  of  those  described  by  Desper 
(1969). 

When  starting  a  pole  figure  run,  be  sure  to  write  all  instrument  parameters  on 
the  magnetic  tape  after  initiating  it  with  /TS.  Example  input  is  given  in 
table  10  below. 
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TABLE  10.  EXAMPLE  OF  TAPE  HEADING. 

/TS 

/TY 

Data  for  PBT-27554-33-4(2) 

This  sample  is  a  bundle  of  fibers  approximately  0.6  mm  in  diameter.  It  is 
mounted  vertical  in  the  diffractometer.  The  scan  in  2  Theta  will  therefore 
be  a  scan  of  the  equatorial  reflections. 

TOA  is  3.2DEG  (Nominal),  Actual  TOA  is  3.0  DEG. 

SVA  is  wide  open. 

HOG  monochromator  XTAL  is  in  place  and  Beam  uniformity  is  satisfactory  (lust 
checked) . 

Mono  angle  is  12.16  and  PSI  is  6.05. 

Incident  and  diffracted  beam  collimators  are  1.0  mm. 

No  filters  are  used. 

KV  50  MA  12. 

Analyzer  upper  7.0,  Lower  4.0,  100%  HT  centered  at  5.20. 

Gain  at  10,  fine  focus  molybdenum  tube. 

Smaller  SVA  and  smaller  TOA  do  not  seem  to  improve  the  resolution. 
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The  transmission  mode  is  most  useful  for  polymer  samples.  Job  parameters  for 
a  transmission  mode  example  are  shown  in  table  11. 

TABLE  11.  TRANSMISSION  MODE  POLE  FIGURE  INPUT  AND  OUTPUT. 

/PT 

6 

/FP 
5  3.2 
/PO 

MTHD=1 

TH=7 . 35  TH=0 

OM-O  DLSN= . 1  NPTS=8  CH=0  CLCH=2.5  NPTS=37 

TH=  7.35  0M=  0.00  CH=  0.00  PH=  0.00 


0M=  0.00 


10.27 

11.95 

12.62 

11.67 

10.32 

7.32 

5.40 

4.40 

2.00 

1.05 

0.65 

0.60 

0.27 

0.55 

0.05 

0.35 

-0.18 

0.15 

-0.25 

0.10 

-0.10 

-0.05 

-0.07 

0.17 

0.25 

0.13 

0.38 

0.40 

0.15 

0.20 

0.00 

0.05 

-0.10 

-0.05 

-0.40 

-0.28 

-0.28 

OM=5. 74 

10.47 

11.42 

11.57 

11.12 

9.00 

7.05 

4.92 

2.55 

1.55 

1.05 

0.63 

0.55 

0.55 

0.43 

0.32 

0.20 

-0.05 

0.00 

-0.17 

-0.25 

0.03 

-0.10 

0.25 

0.22 

0.30 

0.35 

0.38 

0.42 

0.17 

0.15 

-0.05 

0.15 

0.07 

-0.15 

-0.30 

-0.25 

-0.40 

0M=  11. 

54 

10.70 

11.85 

12.02 

10.97 

8.77 

6.57 

4.40 

2.83 

1.47 

0.77 

0.45 

0.32 

0.13 

0.28 

0.02 

0.03 

0.03 

0.03 

0.00 

-0.13 

0.07 

-0.07 

0.07 

0.20 

0.17 

0.43 

0.43 

0.25 

0.38 

0.35 

OM=  17 

.46 

11.12 

12.25 

11.75 

10.70 

9.07 

6.70 

4.35 

2.70 

1.58 

0.82 

0.53 

0.57 

0.15 

0.28 

0.20 

0.30 

-0.07 

0.10 

0.13 

0.07 

-0.20 

-0.20 

-0.03 

0.17 

-0.13 

0.18 

0.28 

0.50 

0.60 

0.45 

0.35 

0.30 

0.30 

0.30 

0.05 

0.13 

0.18 

0M=  23. 

58 

11.00 

12.12 

12.20 

11.32 

9.15 

6.65 

4.55 

2.77 

1.75 

0.85 

0.77 

0.48 

0.50 

0.25 

0.53 

0.20 

0.40 

-0.05 

0.07 

-0.15 

-0.05 

-0.43 

-0.10 

-0.03 

0.05 

0.18 

0.15 

0.45 

0.50 

0.53 

0.63 

0.50 

0.70 

0.53 

0.45 

0.40 

0.38 

0M=  30. 

.00 

12.20 

12.72 

12.67 

11.42 

9.47 

7.65 

5.15 

3.40 

1.95 

1.10 

0.50 

1.30 

0.60 

0.73 

0.63 

0.73 

0.50 

0.25 

0.32 

0.05 

-0.20 

-0.13 

-0.10 

-0.27 

-0.10 

-0.10 

-0.05 

0.17 

0.10 

0.22 

0.35 

0.63 

0.70 

0.57 

0.75 

0.75 

0.75 

OM=  36.87 

15.65 

17.45 

17.45 

17.10 

14.98 

12.35 

10.35 

7.65 

5.85 

3.77 

2.42 

1.67 

1.28 

0.77 

0.85 

0.47 

0.68 

0.63 

0.35 

0.20 

0. 07 

0.15 

-0.25 

-0.23 

-0.13 

-0.27 

-0.10 

-0.13 

-0.15 

0.10 

0. 15 

0.28 

0.30 

0.57 

0.60 

0.57 

0.83 

0M=  44.43 

17.92 

19.80 

19.72 

19.00 

17.58 

15.45 

12.97 

10.23 

7.80 

5.80 

3.95 

2.72 

1.93 

1.47 

1.18 

0.63 

0.77 

0.57 

0.50 

0.33 

0. 18 

0.80 

0.75 

1.25 

1.80 

3.03 

3.52 

4.55 

5.40 

6.25 

6.  75 

7.85 

8.18 

8.53 

8.72 

9.55 

9.53 
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The  intervals  in  this  example  for  ANGLE  1  and  ANGLE  2  ( W  and  X)  are 
satisfactory  for  most  polymer  work.  Smaller  increments  would  be  advisable  if 
the  sample  were  highly  crystalline.  Counting  time  should  be  chosen  so  that 
values  near  the  peak  will  have  at  least  2000  counts  per  measurement.  If  time 
permits,  more  counts  will  give  an  improved  pole  figure  in  most  cases.  If  a 
background  correction  is  made,  the  total  time  spent  counting  the  background 
should  be  about  equal  to  that  spent  measuring  the  peak. 


The  scan  range  (for  the  integral  mode)  or  the  width  of  the  peak  (for  the  /FB 
mode)  should  be  carefully  chosen.  A  20  scan  using  the  /TH  command  will  give 
the  peak  profile  and  facilitate  the  choice  of  optimal  end  points  for  the 
scan.  Include  all  of  the  peak  if  possible,  but  stay  clear  of  adjacent  peaks. 
An  example  of  /TH  use  is  given  in  table  12. 

TABLE  12.  TWO-THETA  SCAN  FOR  A  BUNDLE  OF  PBT  FIBERS.  (PART  OF  OUTPUT  IS 
OMITTED) . 


/TY 

START  2  THETA  EQUATORIAL  SCAN  AT  5  PM  AUG.  4,  1980 
/TH 


TH=29. 

DLTH 

=  .l 

TH=29. 

DLTH 

=0 

4.66 

4.71 

4.65 

4.52 

4.61 

4.65 

4.72 

4.91 

4.88 

4.93 

5.02 

4.96 

4.98 

4.83 

5.05 

5.03 

5.11 

5.28 

5.28 

5.28 

5.36 

5.39 

5.60 

5.82 

5.72 

5.86 

5.95 

6.19 

6.26 

6.37 

6.36 

6.75 

6.85 

7.01 

7.15 

7.34 

7.61 

7.92 

8.13 

8.34 

8.70 

8.75 

8.90 

9.36 

9.45 

9.80 

9.82 

10.06 

10.28 

10.53 

10.66 

10.78 

11.04 

11.24 

11.47 

11.25 

11.62 

11.60 

11.59 

11.50 

11.65 

11.35 

11.45 

11.28 

11.34 

11.09 

10.86 

10.43 

10.55 

10.23 

10.01 

9.85 

9.55 

9.53 

9.36 

9.04 

8.89 

8.77 

8.67 

8.50 

8. 18 

8.24 

8.24 

8.05 

7.88 

7.80 

7.79 

7.60 

7.73 

7.62 

7.48 

7.31 

7.42 

7.29 

7.24 

7.14 

7.19 

6.98 

6.98 

6.98 

7.08 

6.84 

6.82 

6.76 

6.91 

6.79 

6.76 

6.69 

6.72 

6.43 

6.50 

6.58 

6.50 

6.41 

6.57 

6.39 

6.48 

6.57 

6.52 

6.70 

6.52 

6.65 

6.72 

6.75 

6.87 

7.01 

6.89 

7.02 

7.27 

7.33 

7.44 

7.50 

7.78 

8.04 

8.34 

8.38 

8.85 

9.28 

9.64 

10.23 

10.73 

11.48 

12. 17 

13.02 

14.04 

15.25 

16.75 

18.39 

19.91 

21.96 

24.20 

26.55 

29.17 

32.11 

35.44 

38.67 

42.67 

46.86 

50.94 

56.63 

62.26 

67.38 

73.57 

80.16 

85.86 

91.93 

96.62 

102.00 

105.38 

107.99 

110.02 

110.55 

110.68 

109.62 

107.95 

105.15 

100.88 

96.01 

92.36 

86.70 

81.47 

75.69 

70.47 

65.12 

61.01 

56.41 

53.04 

50.27 

47.34 

45.49 

43.57 

42.39 

40.98 

39.88 

38.93 

38.26 

37.90 

37.22 

36.64 

36.84 

36.67 

36.53 

37.01 

37.28 

37.72 

38.36 

39.07 

39.68 

41.18 

42.53 

43.71 

45.26 

46.69 

48.65 

49.76 

50.56 

51.61 

51.82 

51.85 

51.80 
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A  satisfactory  run  could  have  been  obtained  for  this  material  with  a  larger 
step  size.  A  shorter  counting  time  (40s  rather  than  100s)  would  also  have 
been  satisfactory.  The  scan  was  run  from  -20  to  +20  which  is  desirable  but 
not  necessary. 


Parameters  for  UNIAXIAL  scans  for  this  PBT  fiber  bundle  are  shown  in  tables 
13  and  14. 

TABLE  13.  UNIAXIAL  SCANS  FOR  PBT.  NO  BACKGROUND  NECESSARY. 

/PT 

6 

/FM 

/TY 

READY  FOR  7.15  POLY  FIGURE  WITHOUT  BKG  MEAS  BUT  WITH  MONOCHROMATOR 

/PO 

MTHD=1 

TH=7. 15  TH=0 


OM=0 

DLSN= 

NPTS=1 

CH=0 

DLCH=2 

.5 

NPTS=37 

TH= 

7.15 

OM= 

0.00  CH=  0. 

00  PH= 

0. 

00 

0M=  0. 

00 

57.25 

48.75 

37.80 

28.85 

21.65 

16.77 

13.70 

12.15 

11.27 

10.60 

10.20 

9.70 

9.20 

8.52 

8.00 

7,45 

7.25 

6.72 

6.67 

6.88 

6.85 

6.88 

7.05 

6.90 

6.92 

6.63 

6.55 

6.38 

6.02 

5.77 

5.42 

5.60 

5.25 

5.07 

5.07 

5.10 

5.10 

TABLE  14.  UNIAXIAL  SCAN  FOR  PBT  WITH  BACKGROUNDS  MEASURED  FOR  20  S  EACH,  1.3° 
ABOVE  AND  BELOW  THE  PEAK  POSITION. 


o 

1.3  above  and  below  the  peak  position. 


/TY 

NOW  DO  IT  AGAIN  WITH  BACKGROUND  SUBTRACTED 

/FB 

5  2.6 

/PO 

MTHD=1 

TH=7. 15  TH=0 


OM=0 

DLSN= 

=0  NPTS=1 

CH=0 

DLCH=2 

.5  NPTS=37 

TH= 

7.15 

0M=  0.00  CH 

i=  0. 

00  PH= 

0.00 

0M= 

0.00 

22.70 

18.28 

13.17  8.15 

4.73 

2.83 

1.50  1.25 

0.55 

1.25 

0.23 

0.85 

0.33  0.70 

-0.38 

-0.02 

-0.33  -0.25 

0.05 

-0.17 

0.20 

0.67 

0.47  1.12 

1.38 

1.27 

1.10  1.05 

0.77 

0.75 

0.47 

0.63 

0.55  0.40 

0.40 

0.10 

0.07 
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THE  MONOCHROMATOR  AND  BACKGROUND  CORRECTIONS 

Comparison  of  several  PBT  pole  figures  indicates  that  a  background  correction 
must  be  made  to  get  an  accurate  pole  figure.  Best  results  will  be  obtained 
with  a  continuous  scan  (IM  mode)  but  /FB  will  give  a  satisfactory  result  in  a 
shorter  time.  The  monochromator  gives  a  cleaner  pole  figure  than  one  gets 
with  filtered  radiation,  but  its  use  is  not  mandatory. 

COMBINING  TRANSMISSION  AND  REFLECTION  POLE  FIGURES  WITH  POLEDAT 

The  POLEDAT  PROGRAM  (Desper,  1978)  will  combine  transmission  and  reflection 
pole  figures  to  give  a  complete  pole  figure.  There  are  two  requirements. 

One  must  make  the  volume  correction  (and  absorption  correction  if  needed), 
and  it  is  imperative  that  the  angle  ranges  and  increments  be  compatible  for 
both  measurements.  Use  the  same  increment  for  ANGLE  1  and  ANGLE  2  for  both 
transmission  and  reflection. 


For  transmission  (MTHD=1)  omega  must  start  at  zero.  It  may  increase  or 
decrease.  Chi  is  not  restricted  but  if  you  want  only  one  quadrant,  start  at 
zero  and  go  to  90°. 

For  reflection  (MTHD=0) ,  phi  must  start  at  zero  and  increase.  Chi  usually 
starts  at  40°  and  increases  to  90°.  This  gives  sufficient  overlap  with  the 
transmission  data  to  complete  the  pole  figure. 

The  MERGE  feature  of  POLEDAT  has  not  been  tested  at  Wright-Patterson  Air 
Force  Base. 

USING  POLEDAT 


The  CONLEV  card  should  be  used  if  CALCOMP  contour  plots  are  to  be  drawn. 

The  ABTH  card  must  be  used  to  get  the  volume  correction.  The  input  parameter 

is  0  if  no  absorption  correction  is  desired.  Absorption f A  ,  can  be 

conveniently  measured  with  the  monochromator  in  place  by  determining  I  (no 

sample)  and  I  with  the  sample  in  the  direct  beamt(be  sure  to  restrict  ?he 

beam  to  protect  the  counter).  Remember  I/I  =e  ^  . 

-  o 

Set  K00RD=1  for  samples  with  the  machine  direction  mounted  parallel  to  the 
PHI  axis  and  the  Sheet  normal  parallel  to  the  Chi  axis.  This  is  the  usual 
arrangement . 

THE  ORIENTATION  FACTOR 


The  orientation  factor  for  a  pole  figure  analysis  is  calculated  by  POLEDAT, 
but  only  if  data  for  a  complete  pole  figure  is  available.  One  can  get  the 
orientation  factor  for  transmission  data  if  the  program  is  given  the  extra 
data.  This  can  be  done  by  editing  the  data  file  with  the  PRIME  850  editor. 
Change  the  angle  limits  and  supply  the  extra  data  points  with  zero  or  very 
small  values.  (It  goes  without  saying  that  the  pole  density  in  the  region  of 
fabricated  data  had  better  be  zero  or  you  will  be  in  trouble)  .  POLEDAT  thus 
fooled  will  give  the  orientation  factors. 
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For  the  transmission  case  with  K00RD=1  the  average  squared  direction  cosines  , 
for  the  x,  y,  and  z  axes  will  be: 


1.  If  the  poles  are  at  w=0  and  X=90 


(cos  40  =0 
x 


(cosy  <J0  =0 

(cosz240  =1 

2.  If  the  poles  are  atw=0  and  X  =0 


pole  density 


(cos^  4>  )  =0 
2 

(coSy  (J)  )  =1 
2 

(c.os^  cj)  )  =0 


If  the  poles  are  atco=90  andx=0  to  90 


(cosx  4>  )  =1 
2 

(coSy  4>  )  =0 
2 

(cos^  <j>  )  =0 


pole  density 


pole  density — -r 
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